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| 6 Clalms.

(CL 23—288)

The use of movmg bed1es of fluent SDlld .

| partmles in processes that involve the contact of

~ masses of such solid particles with fluids, as, for
example, catalytic conversions of organic vapors

| by solid catalysts, has resulted in considerable ad-

acor- -

" The problem of high gaseous velocities becomes

- particularly important when hyrocarbon crack-

vantages due to the continuous nature of the

~ process but has also created problems arising

~from the inherent characteristics of such process-
es and of solid particles in such a ‘fluent state.
 One such problem involving the disengagement
- of gas flowing concurrently through a downward-

L ly moving compact non-turbulent bed of solid-

: partlcles in a contact zone may be overcome using

“The disengagement of downwardly flowing oas

mation of free surfaces of particles (usually |

~called dlsengagmg surfaces) and a revelsal of

 flow of the gas 50 as to pass upwardly through the 20
~vertors of relatwely small or medium size hori-
zontal cross sectional area need so many sets of

~ inverted troughs that disengagement starts at

| -free surfaces so formed. Under such conditions,

~ excessive amounts of particles are entrained in-
‘the disengaged gas unless the velocity of the gas
-at the point of d1sengagement is below the 11ft1ng |
" Recent investigations have shown that it is 26
o ”'Q_'often desirable in such processes to flow the gas
o _downwardly through the moving contact mass at
L ‘These gaseous velocities
- may have a magnitude such that, if the gaseous
;_..'j_ﬂow were upward the downward flow of sohd_'
- particles would be disturbed to such an extent as .
%o result in stoppage of the flow of solid particles
~and/or disruption of the bed with resulting turbu-
 lence, channelling of the gas and similar effects. .
 These effects have been capably discussed in a re-

- ':VGIOCItY of the particles.

~_high gaseous velocities.

10

. 15
L from such beds of solid particles involves the for-

- tems for equal conversion.  As

‘1s small.:
-as about 2 to 10, are used, this effect must: be con- -
__'sadered m the aemgn eI convertor or reactor Ves- |

ing systems are operated advantageously at h1gh
catalyst to oil ratios, such as four or more, such
as from about 5 to 20 It then becomes desirable
and highly advantageous to employ concomitant-
ly higher space velocities than have previously
been customary in commercial _mevmg bed sys-

understood, when the space velomty is high, tne
volume of catalyst present in the conversion zone.
When space velocities above one, such

sels, |
 AS. shown in the cﬂ:ed patent dlsengagmg sur-—

- faces may be developed by a plurality of sets of |
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| cent patent (U.S. Patent No. 2,439,348, issued

April 6, 1948, to T. P. Simpson, R. E. Lee and F. E.
Ray).

The cited patent points out the advan-

 tages of multistage disengagement under condi-

- . tions such that the disengaging surfaces provide a
~ substantially greater area than the horizontal

- cross sectional area of the bed of solid particles
- in the contact zone and hence permit disengage-
. ment of the gas without entraining solid particles.

. The present invention is particularly advanta~-
 geous when the conditions encountered are such
 that the gaseous velocities are of the magnitude
. referred to above and in the cited patent and,
. like the invention in the cited patent, is useful in

_' | eonnectlen with a wide variety of processes.

40
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multipie inverted troughs, these sets being placed

at a plurahty of vertical. levels (multilevel dis-

engagement) ‘At high vapor flow rates, con-

such a high level in the bed i in the conversion zone '

that the total hydr ocarben vapors traverse only
a small fraction of bed therein before some of

the vapors are disengaged from the particles of

catalyst and cease to be converted. However, it

is obviously desirable from the standpoint of uni-

formity of conversion conditions to have as much

of the vapors as possmle contact all ef the bed of
partlcles | |

A further- cemphcatmn is 1ntroduced by the_, B
necessmy of supportmg these troughs and the as-

- sociated manifolds or totally enclosed hollow

beams presently used in commercial vessels
against the forces exerted by the. downwardly

‘moving solid particles and downwardly flowing -
gas.
are great enough that a supporting beam or

In vessels of commercial size, these forces

beams must be used, being generally placed so as

 to carry the load of several sets of channels and

associated manifolds thereabove. . These beams '.

- are expensive, complicate the mternal structure -
of the vessel and add height to the vessel; all of |
which are obviously undesirable effects,
- These and other difficulties ‘are overcome by .

- using methods disclosed in my copending appli-

v B
ol

50
~However, the present invention will, for con~
venience and brevity, be descrlbed in terms of use

. with a hyroearbon conversion process, partlcular-
1y cracking; those skilled in the art will be able to

= '?' ;_;fapply the process and apparatus set forth herem f
- .bo Other ﬁelds and 'IJ.SBS; {':.[-'; R

cation, filed of even date herewith joinfly with

Reuben T. Savage. The manner of operation de-
scribed in said application is partlcularly ad-

- vantageous when used in connection with sys-
~ tems as described herein, and comprises flowing

gas downwardly through a downwardly moving
non-turbulent bed of solid particles in a contact
- Zone, dlsengagmg gas so ﬂowmg from the partl- e T

is commonly




cles at a plurality of locations in the bottom of
the contact or conversion zone, the gas so disen-
gaged being directed along a plurality of spaced

horizontal paths located at the bottom of the

contact zone, which paths are free of solid par-
ticles but in gaseous communication with said
bed., The gas is then discharged from said paths
into a peripheral gas manifolding zone contigu-
ously located above a free surface of particles
peripherally located outside the bottom oi the

contact zone and formed by flowing particles di-

vergently outwardly from the bottom of said con-

tact zone into a zone of greater horizontal extent

than the contact zone and located-concentrically
therebelow, gas being thereafter removed from
the gas manifolding zone. The apparatus for
effecting the described method of disengagement

o 1is, as described below, advantageously contrived

and constructed so as to be self-supporting.
~ The present invention is directed ‘to-apparatus

contrived and adapted to operate in the manner

above-deseribed, such apparatus-being easily and
- relatively inexpensively constructed.
paratus comprises an upper vertical shell closed

at the top and open at the bottom, which shell .

- 2,628,803
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’ .

"PFluent solid particles in the 'size range of from

about 50 mesh to about 0.5 inch and comprising

freshly regenerated solid nhydrocarbon conversion
catalyst, such as acid activated montmonllomte

clay, synthetic silica-alumina gel in pellet or
bead form or other solid refractory compositions
known by those skilled in the art to be hydro-
carbon cracking catalysts, are introduced to
housing 20 by conduit 22 at the top thereof and
form a bed 23 in a catalyst introduction, storage

- or sealing chamber in the top of the housing

above baffle or tube sheet 24 as shown. Particles

in bed 23 flow from the storage chamber to the
eracking or confacting chamber through con-

duits 25 (which are arranged equidistantly from
the center of housing 20) and through annular
passageways 26 and 27. The latter particles fall

~ as a curtain past nozzle 28 to the surface of bed

20

The ap-

(g
Gt

defines a, .contacting chamber adapted {o con- -

tain a downwardly moving non-turbulent bed of

particles and a lower vertical shell in spaced

overlapping relation to and encompassing the

lowermost portion .of said upper .shell with the

top of said lower shell joined to the ocutermost

periphery of said upper shell so that the lower~

most portion define a peripheral gas manifolding
chamber.

introducing gas to the top of said bed while

means to remove particles from the lower shell

are provided in conjunction with the lower sheil.

- In accordance with the presen{ invention,

there is positioned within the lowermost region

Associated with the contacting cham-
ber .are means for introducing particles and for

21, the profile of which surface is approximately
indicated by dotted lines 29. All of the particles

s0 introduced thereafter gravitate downward as

g compact non-turbulent bed. A sealing gas,
such as steam, inert fiue gas a,nd the like, 1s in-
troduced to the storage or sealing ohembel ahove
bed 23 through conduit 30 at a pressure ghove
the pressure in the cracking zone. Part of the
sealing gas passes upwardly through the particles
flowing downwardly in conduit 22. Another part

- of the sealing gas passes downwardly through

conduits 25, thus serving as a means to confine
the hydrocarbons within the cracking zone.

A liguid hydrocarbon charge stock is intro-
duced to the cracking zone by conduit 31 and

- nozzle 28 for atomization and contact with the

l;. !-.-
4l 'I:'

falling particles in the -curtain, which particles

- are at a substentlally hlgher temperature than

- of the contacting chamber gas disengaging means

comprising a. plurality of open-bottomed paral-
lel vertically elongated gas passageways exiend-
ing horizontally across said contacting chamber

to and through the upper shell in communica-

tion with said peripheral gas manifolding cham-

ber and a multiplicity of gas disengaging mem-

bers positioned between said passageways at dif-
ferent levels along the. vertical height thereof
said disengaging members being in gaseous com-
munication with said passageways. =
.- The principles involved in the present inven-
| tlon-are set forth in detail below in connection
with the description of the drawings in which:

Figure 1 is a vertical view of a vessel contain=- |,

ing a moving bed of solid particles contacted by

gases, with portions of the vessel broken away
for g better view of the relationship of the parts,

“and illustrates a preferred embodlment of the
invention;
‘Figure 2 is a transverse secmon of the Vessel il-

the liquid hydrocarbon charge stock. If desired,
‘hydrocarbons in vapor form may be intreduced
- by conduit 32.

Hydrocarbon vapors either in-
troduced by conduit 82 or formed by contact. of
liguid hydrocarbon charge stock with particles of
catalyst in the curtain of falling particles pass
downwardly through bed 21, flowing downwardly

- concurrently with the pa,rtlcles of catalyst. As

is well understood by the art, conditions.are main-
tained in the cracking zone so that these hydro-_

carbon vapors are cracked.

The eracking chamber or zone is defined later-

| a,lly by a portion of the wall or shell of housing

80

lustrated in Figure 1 taken along the lines 2-—2

‘showing the relationship of the perts of the ap-

~ bparatus at these levels.

Figure 3 'is a vertical view of the. chsenga,gmg
elements. . shown in Figure 1 et 2 po31t10n 90° to
- the view in Figure 1.

Figure 4 is an enlarged. 1sometr1c view of sev=-

ergl of the disengaging elements shown in Fig-

ures 1, 2 and 3.

Shown in Flgure lisa olosed housmg or vessel._

indicated generally gt 20, which housing com-
prises-a contacting or cracking chamber or zone

containing a downwardly moving bed of solid
particles of catalyst as indicated generally ab 2{.

75

20 which is shown in Pigures 1 and 2 as a cy-
lindrical wall. 33 and which serves to conﬁne the

- bed of pertloles moving downwardly The lower

portion of the cracking chamber or zone is ex-
panded (. e., has a horlzontal Cross seotlonal area
gregter then that of the upper portion), thereby
affording space for the disengaging members de-
scribed below without undesirably restricting the
area available for the flow of solid particles.

Such an expanded lower portion may be formed,

as shown in Figure 1, by affixing to wall 33, as by
welding, a skirt &4 comprising an upper swaged
portion of frusto-conieal shape and a lower Cy-
lindrical portion. The angle between the:frusto-
conical portion and a horizontal plane at the base

thereof should be greater than the angle of re-

pose of the solid rarticles and preferebly great

enough to insure uniform flow of the bed of par-

ticles thereabove, such as an angle of 70° or
greater. The outer wall of housing 20 comprises.
a swaged frusto-conical portion 35 below  cylin-
drical portion 33. Frusto- conical portion 35 of
the housing is substantially vertically coextensive
with the frusto-conical portion of skirt 34 and
spaced outwardly therefrom. Below frustoe-coni-

cal portmn 39, the wall of the housing 20 com—_




= "”_;sect1cna1 shape.

_ 5"

| :prises a cyhndrical portlcn 36 which is Spaccd?

" _outwardly from the bottom portion of skirt 34.:
The described arrangement provides an upper

ﬁvertlcal shell consisting of wall 33 and skirt 34

- and a lower:vertical shell comprising swaged por-
- tion 3% and =cy1,indrica1 portion 3§, the lower ver-
- tical shell being in spaced. overlapping relation
. toand encompassing the lowermost portion of the:
- ~upper shell.
- stitutes means defining a chamber into whlch eXw
“tends a vertical conduit (i. e, the upper vertical
shell) of smaller hcnzcntal extent than said

“The lower vertical shell thus con-

‘chamber. Because of the spaced overlappmg re-

- lation of the upper and lower vertical shells, they
_define and bound, upwardly and latera,lly, a
chamber 37 which, as described below, serves as

a perlpheral gas mamfoldmg or ccllectmg zcnc

| -or chamber.

Particles cf catalyst d1scha,rg1ng frcm thc--__
-are sized or contain orifices so that they_ act.as
By ap-

'crackmg zone or chamber, which substantially

. termlna,tes at the bottom of skirts 34, flow down-

10

. 2;323,393?'-

said surfaces, anhd hence act as transverse gas
disengaging members, are positioned between and
normal to channels 45 and communicate there-
with, these baffles being shown in the drawings
in the form of inverted shallow troughs 46, 47,
48 and 49. As shown in Figures 1, 2 and 4, in-
verted troughs 46, 41, 48 and 49 communicate ab
their ends (which are otherwise closed) with at
least one of adjacent channels 45 through pipes
or conduits 51, 52, 53 and 54 as described more

~ fully below. Inverted troughs 46, 47, 48 and 49

15

are spaced at four vertical levels between the
bottom and top of channels 4% (i. e., there are
four sets of a plurality of inverted troughs, each

set positioned in a common horizontal plane).

 Gas disengaged from the bed at the dmengag—'?

~ ing surfaces formed under troughs 46, 47, 48 or

~ wardly to form a bed 38 and simultaneously flow
“divergently outwardly, since the portion of the

~ housing at this level (wall 36) defines a zone Or -
~ chamber of greater. hcrlzcntal extent or cross
- ';sectlcna,l area than that of the cracking zone.
~.As a result of such flow, the particles form a free
. surface, which is annular in shape and periph-
erally Iccated with respect to bed 38 and skirt 34
~ ..(. e., the bottom of the cracking zone or cham-

~ ber), as indicated in Figure 1 by dotted line 38.
' The particles in bed 38 move downwardly and dis-
. charge from the bed through particle chscha,rge
_;condults 40-in bafie or tube sheet 4{. -

'Tt'is desirable to purge the partlcles of catalyst 3
) _at this point in the system, which can be con-
! Vemently effected by introducing steam or other

‘purge gas through conduit 42 for upward flow
through conduits 40.

. After purgmg, the par-
~ ticles of catalyst flow downwardly through the

49 flows laterally to the nearer end of the trough:'_ |
invelved, through one of conduits 51, 52, 53 or 54
and into channel 45. Conduits 51, 52 93 and 54

metering conduits for the flow of gas.
propriate sizing of the conduits or orifices, the
pressure drop therethrough is such that each
trcugh in any vertical series has a selected .vol-

‘ume of gas passing therethrough. A further:
~portion of the gas flows downwardly with the
catalyst particles between channels 45 and. dis-

engages at the disengaging surfaces of the par-

‘ticles formed below the open bottoms of channels

45, = The entire or total disengaged gas flows lat-

~ erally along channels 45 and discharges into the:
~ space 37 between skirt 34 and wall 36, space 37
- serving as a peripheral gas manifolding chamber

~or gas collection zone. |
gas collection zone 3T is located .contiguously
above the free peripheral surface 38 of particles

. Because the peripheral

below the cracking zone, any particles entrained

4

downwardly and inwardly tapering bottom por-

tion 43 of housing 20 to conduit 44, and thence
~ to regeneration equipment of a type known to the
art. Smooth flow and even withdrawal of the
5 '-pa,rtlcles through bhottom portion 43 can be
achieved by devices known to the art, such as

in the disengaged gas will settle out in chamber

31, which is preferably sized so that the gas ve~
locity is lower than that in channels 45, and drop |

to surface 39, thus rejoining the particles in the

-~ bed and being removed therewith. - Gas in cham-~

‘that described in U. S. Patent 2,412,136 issued on

| '-December 3, 1946, to L. P. Evans et al. . After re-
~generation, the particles of catalyst are returned

%o conduit 22 at the top of housing 20 by method

- | -and apparatus known to the art.

50

-A -plurality of channels-or passagewa.ys 45 in |

| parallel spaced relation are positioned in the bot-

~ ber 37 is removed therefrom through ccndu1t 55

Fcr appropriate further processing,

- In one embodiment of the invention, the gas
 disengaged by inverted troughs 46, 41, 48 and 49
is fed into channels so as to provide equal ve- -

locities of flow of gas in each of channels 45 by

controlling the amount and/or direction of flow

of gas through metering conduits 51,-52;-63. and

b4, As is seen by mspectlon of Flgure 2, the

~horizontal area of the bed associated with the

tom. region- of the cracking zone or chamber,

‘these channels ‘being shaped, for example, as

;;ﬁshcwn in Figures 1 and 4, in the form of an in-
.~ verted V, so as to have a vertmally elongated Cross .
As shown in Figures 2 and 3,

} channels 45 extend laterally across the cra,ckmg

 zone or chamber to and through skirt 34 to which.

55

outermost channels 45 (at the extreme right and
extreme left of Figure 2) is considerably less than

~ that of the intermediate channels 45 (nearer the

center) with the center channels serving the

- largest area. As a result, the amount of gas

60

the channels are affixed as by welding.  Channels

- 45 are open at the bottom so that the bed of par-

~~  ticles flows beneath the channels so as to form

| Channels 45, which are

- open at the ends, communicate with- chamber 37

- . and thus provide a plurality of spaced parallel.

. horizontal paths free of solid particles but in

L ,-."gasecus communication with the bed of particles -
~ and in- ccmmumcatmn Wlth a perlpheral gas

70
" under these channels) .

__:__:-dlsengagmg surfaces.

| .ma,mfcldmg zone, |
- In accordance Wlth the present mventlcn a,

- ' multiplicity of spaced baffles adapted and shaped
- to divert the flow of solid particles and to form

gas ‘disengaging surfaces of said particles with

- _;_: gas collectmn spa.ces free cf solld partlcles above

flowing in the various channels 45 will vary. If

the channels have the same vertical cross sec-
tlonal area (for gas flow) and are spaced equi-

 distantly from each other as is desirable for ease

. and
‘ channels w111 be underlcaded when thc center

i)
~ pacity. Should the outermost channels be op-

economy in construction,. the -outermost

channels are operated at the maximum safe ca~-

- erated at capacity, the intermediate and center

- channels will be overloaded (i. e., operating at 4

- gaseous velocity that will entrain solid particles

and seriously disturb the disengaging surfaces
Such a condition is. pre-

~ vented by flowing through the outermost chan-

75

~ nels a greater proportion of gas by proper sized

orifices in conduits &1, 52, §3 and 54. - Alterna=
tively, one conduit of each pair associated with




the varia‘l.‘cs tmughs may be. blc»cked 80" that the

- gasifrem-this:trough: flows.into.a. single:channel,

the overallieffect of :such-blocking being that the

total gas flow :in -each:channel is- substantially
equal -to that in-every: other: channel (. e.,
amount.of gas flowing per-square inch of- ver-
tical cross sectional area:is: apprommately the
~ same for all.channels45). |

This .can .be effected, for. example by ﬂ@wmg

all'of the gas in-the cutermost inverted troughs
into -the: oufermost :channels ‘together ‘with -gas
from2-out--of 3-.0f the inverted troughs in the

he

10

nextrow; flowing the gas :from 2 out-of 3 of the

trouchs in sthe -succeeding row:into ‘the inter-
mediate channels, -together with-gas irom 1 out
of .3 of ‘the:preceding .row; .
ter channels:by:alternate inverted troughs in the

-gngd feeding the cen-

15
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8

' tl'v.ely; the’ 'inv.er,ted-..-troug-hs mﬁay Ybe-in staggered
- relation - (i, e.,-a-trough -is.placed-at -a level in-

termediate- the levels:-of- adJa.cent verfical series

of troughs).

In anether modlﬂcatwn of the 1nvent10n the

{ransverse troughs-or -channels may be of the

same ‘vertical height as channels 4%, with the
bottoms of -the-transverse channels positioned in
the same - horizontal: plane as the one in which
the  bottoms--of- channels 45 are located. Such
an-arrangement is advantageous in that all dis-

engaging :surfaces are -at the same level with a

resulting simplification .in the design, construc-
tlon and -operation 0f the disengaging section as
a whole. Another advantage-of the described

- arrangement is.that it provides a very rigid.strue-

center ‘row together-with-1.:out of 3-of troughs

in the rows on-either-side :of the center: row.
. Under«these conditions, the gas flow in-the Van-
ous. channéls tends to be equalized.

In accordance with: a preferred embodiment .of
the invention, channels 45 shown-in Figures 1,

'3.:and 4 -have a2 shape such that their vertical

cross ~section -has ‘relatively high walls which
slope: slightly -outwardly to a narrow base. Such
a shape has the dual-advantage of providing suffi-
~ cient ‘cross - sectional area -for the flow- of gas
across. .the ~exposed -surface -of the bed of par-
ticles immediately ‘below the channel without
 serious-disturbance:of : such surfaces “while also
- providinig:a very eifficient-support member for the
weight:of the channel as well as the weight of
the :inverted ‘troughs: supported by the  channel.
This -efficiency results because substantially all

of: the :metal in the channel -is-in the vertical

side 'wall thus providing a. deep or tall vertical
member :which is several times, such as .from 3
to 10 times, ‘as deep:as the channel is wide. AS

can be-clearly seen . in Figure 3, inverted troughs

46, ‘47, 48 -and 49 ~are unsupported except by
conduits 51,

load on-these. membersto channels 45. (The load

‘52.-53 and 54 ‘which transmit the

20

- ture, sinee the: transverse::channels act-as cross

braces. The disengaging section can be-con-
structed -as a-unit -and thereafter placed in the
reactor-on supports affixed to the walls. of - the
reactor. TFurther ‘modifications of the basic
structure -will ‘be suggested to those-skilled -in
the art by the description herein. -

-Obviously - many -modifications and Varlatmns'
of - the.invention as hereinbefore set forth may -
be made without departing from the spirit and

- scope- thereof -and therefore- only such limita-

a0

tions should be imposed as are- mdmated in the
appended claims. |

I claim as my.invention: -
-1.- Apparatus -for- coptactmg gaseous material

- with fluent-solid particles which comprises a con-~

19

comprises the weight of these members, together

with the forces:exerted by the downwardly mov-
ing particles andigas:)) By:making the 'walls . of

channels 49 thick, the channels support not-only

the load imposed on them individually but also
- the load® (on the members thereabove) transmit-
~ ted to them-through conduits 51,782, 53 and 24.
Since ‘channels .45 are joined to the rest of the
~structure ‘only 4t skirt 34, ‘and lence:are sup-
ported solely. by thie W'a,lls of the contacting chiam-
ber, the- expense.of a supporting beam. and the
space-occlipied by such a beam is. advantaﬁeehsly
saved.

55

AN addltmna,l advantage ol the invention above '

described arises from-.the fact that the structure

is extremely - rigid and fixed ini position, the lat-

ter being ‘a very:-desirable feature in view of the

difficulties :that would be - occasioned by move-

ment . of two .channels toward-each other with a
consequent ‘restriction or stoppage of ‘the flow
of iparticles therethrough and-a resulting reflec-
~ tion.of this dlsturbance of ﬁow upwardly through
the bed.
Those-skilled in the art Wlll understand from

the:above description how to apply the methods

- and rapparatus ‘of the.present invention to a
~variety-of problems. ‘Thus, additional levels of
inverted “troughs 4§, 47, 48 and 49 can be em-
ployed “instead -of :the four levels shown when
a-larger disengaging' capacity .is desired or fewer

levels, such “as ‘two ‘or three, may be used for

- lesser disengaging capacity is adequate. Alterna-
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Tor
5 upper region of said contact chamber, means for
introducing said .gaseous material into the-upper
region-of said chamber, means-below said open

tact-chamber having an open lower end, means
intreducing said -solid -particles into the

lower-end- and fixed with respect to. said contact
chamber for supporting said solid particles as a

gravitating compact mass extending upwardly
-.in-to sald contact chamber and terminating in the

upper ‘region thereof, and means at the lower
end of said contact chamber for disengaging said
gaseous material from-said solid particles and
remoeving: said gaseous material from said ‘appa-~
ratus, said last-mentioned:means comprising . a
peripheral manifold chamber surrounding .the
lower end portion of said-contact chamber, a plu-
rality of: parallel, inverted, relatively deep chan-
nel members: extending - horizontally across -said
open lower end to and through the 0Opposite walls

- of said contact chamber, the ends of said deep

channel members being in . open commaiinication

- with said peripheral manifoid chamber, a plu-
rality of inverted relatively shallow trough mem- -

bers- horizontally-and transversely spanning -the
spaces o1 either side ‘of said desp .channel meam-
pers, said: trough members being closed at-their
ends and-arranged substantially wholly within
the-vertical limits of each-space asa plurality of
parallel tiers, and means at either end of said
trough members. for- supporting the same from
opposite wail surfaces laterally -defining  said
spaces, at least one of the support means for

‘each.shaliow channel member having a:confined

passageway providing open commt.mcatlon with

- one of said.-deep channel members,

2. Apparatus as. defined. in .claim -1 in Wthh

' the number of trough support means which pro-
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vide open communication with each of said deep
channel -members: is such-as to provide a sub-

stantially equal flow of gaseous material through

said deep channel members.
3. -Apparatus as defined in claim 1 in ‘which
the flow path of:said’ deep channel members has



e 1&1:10 of depth te average width m the erdel of_ -

':' ebout 3:10.

4. Apparetue as. deﬁned in claim 1 111 whlch |

- said confined passageways in said trough support

 means include orifices, said orifices being sized to

 provide a Sllbet&ﬂtl&lly equal flow of gaseous ma-

terial per square inch of vertical cress-sectmnal'_

~ area for all said deep channel members.

'2,629,eee
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forms the lowermost boundery of seld pe1 1phelal'

~manifold chamber. ..
. 6. Apparatus as defined in cla,nn 5 111 which
the configuration of said mamfold chamber is
“such that the velocity of said gaseous material
proximate to the exposed surface of solid particles

- forming the lowermost boundary of said manifold -

8. Apne,retus as set forth in claim 1 in Whlch' -

aid peripheral manifold chamber comprises a

'. shell beneath said contact chamber having its
- uprprer end peltlon surrounding the lower end
- ‘portion of said contact chamber in spaced over-
- lapping relation thereto, the upper end of said

~ shell being extended inwardly and joined to the

15

euter wall of said contact chamber, and said

-~ means for ‘supporting said particles comprises a
- henzentel tube sheet extending across said sheil =
- at a distance below the lower end of said contact

chamber, the pel tion of said gravitating compact

- mass below said contact chamber forming an
- expanded bed having an annular exposed suriace

- between the lower perimeter of said contact

20 2,492,999

- chamber and the inner wall of said shell which

chamber is
. qald solid particles.

10

less than the suppmtmg veloelty of

' REYNER KOI.LGAARD
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